2. Failure Mode Description contains the statement
"Checked OK" or similar language

When events of this type were encountered by the maintenance analyst,
he was instructed to change the Event Sequence Code to "00" on the com-
puter listing with which he was working.

The analyst also studied the listing looking for reports of symptoms that
were not properly corrected by maintenance personnel, as evidenced by
either or both of the following:

- Failure Mode Description contains the statement
"Problem Not Solved" or similar language.

2. The same or a similar symptom was reported on the
same aircraft within a few flight-hours.

When either of these conditions was encountered, the analyst was instruc-
ted to change the second digit of the Event Sequence Code to zero on the
computer listing. Further, when repetitive occurrences of the same symp-
tom were detected, the analyst was instructed to change the first digit
of the Event Sequence Code to indicate the chronological sequence of events
after the first. For example, if three maintenance events related to the
same malfunction were detected, the first digit of the Event Sequence Code
for the first action in the series would be left unchanged at "1" and the
first digit of the Event Sequence Code for the second and third actions
would be changed to "2" and "3" respectively. Upon completion of the
analysis, the Event Sequence Codes provided a numerical key by which no-
defect actions and fault isolation errors were identified, and by which
repetitive actions related to the same symptom were linked. Examples of
modified codes are shown below:

Event Sequence Code Interpretation
00 No-Defect Action
10 Unsuccessful Fault Isolation Task -
I1st Event
11 Successful Fault Isolation Task -

1st Event (A11 events initially
assigned this code.)

20 Unsuccessful Fault Isolation Task -
2nd Event

31 Successful Fault Isolation Task -
3rd Event
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Analysis of Troubleshooting Time Factors

The original ORME data reported the total man-hours and elapsed maintenance
time expended on each maintenance action. No breakdown of maintenance time
was given, however, and it was not possible to separate fault isolation time
from the repair, replace, and checkout portion of individual maintenance
tasks. A1l of the 5,500 corrective maintenance events that survived the
screening to be included in the final file were known to have involved, or
were suspected of having involved, some type of fault isolation. Therefore,
it was assumed that some fraction of the total maintenance time reported on
each action was devoted to troubleshooting. An analysis was conducted to
estimate these troubleshooting time fractions.

The Fault Isolation Task Data File had a field reserved in each record
for the Troubleshooting Time Fraction, the estimated part of the total
ORME reported man-hours expended on troubleshooting. Initially, all of
the 5,500 records in the file were assigned a Troubleshooting Time Frac-
tion of .50, i.e., an initial estimate that half of the reported man-
hours were expended on troubleshooting. These estimates remained un-
changed unless analysis indicated that a higher or lower fraction should
be assigned to a given task.

Allowable Troubleshooting Time Fractions ranged from a minimum value of .1
to a maximum value of .9, except in the case of no-defect actions which
were assigned a value of 1.0. Assignment of the value .1 indicated the
analyst's opinion that most of the reported man-hours (90%) were expended
on performing the final corrective action, i.e., on repairing or replacing
the failed item. It reflected the view that the faulty item was probably
found rather quickly or that the item was repaired or replaced without
troubleshooting. Assignment of a .9 Troubleshooting Fraction, on the other
hand, indicated the opinion that only a small part of the reported man-hours
was expended performing the final corrective action and that the fault was
probably difficult to locate. Fractions between .1 and .9 reflected the
analyst's judgement of the relative difficulty of the troubleshooting task
between these limits.

The listing of the Fault Isolation Task Data File was organized by common
faults and failed items, so that all repairs or replacements of a given
component related to a specific symptom were grouped together. The an-
alyst scanned each grouping to determine whether some or all of the ac-
tions in the group should be assigned Troubleshooting Fractions higher or
lower than the .50 value initially assigned. Guidelines for making these
estimates were provided to him. Troubleshooting Time Fractions were re-
vised for more than 3/4 of the records in the file, and the revised esti-
mates were edited into the file via a computer terminal.

Addition of Observed Component Codes

As explained earlier, during creation of the file of 5,500 maintenance
actions, three-digit codes were added to each record to identify the air-
craft system in which the malfunction was observed and the system in which
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the failure was found. Space was reserved in each record to expand these
codes by two digits to identify (where possible) the specific component of
the aircraft observed to be malfunctioning and the specific component that
had failed. The purpose of these additional codes was to facilitate com-
puter processing of the data. It was later decided that the part numbers
of the failed components recorded with the original ORME data were suffi-
cient for computer processing and that the addition of a failed component
code would be unnecessary.

The file of 5,500 maintenance actions was sorted by Observed System Code

and Observed System or Component Description, and a listing of the file was
produced. An analyst reviewed each record and, wherever the described fault
cited a specific component of the aircraft, marked the listing with a two-
digit code identifying that component. If the reported symptom cited only

a system of the aircraft, no entry was made. The Observed Component Codes
were added to the file via a time-sharing computer terminal. Appendix A
contains the 1list of codes that were used.

Addition of Malfunction Description Codes

During creation of the file of 5,500 maintenance actions, the symptom des-
criptions recorded in narrative form with the original ORME reports were
translated into a structured format consisting of four individual obser-
vations, one of which was the type of malfunction observed. The observed
malfunction was recorded in each record in a 20-character field called
Observed Malfunction Description. To aid computer processing of the data,
a three-character field was reserved in each record for the addition of a
numerical malfunction description code.

The file was sorted by Observed Malfunction Description and a listing of
the file was produced. An analyst reviewed each entry and marked the list-
ing with a three-digit numerical code corresponding to the described mal-
function. Appendix B 1ists the Malfunction Description Codes. When
slightly different descriptions of the same malfunction were encountered, ! |
the analyst combined them under a single code. The codes were added to the
file via a computer terminal. i 3

Generation of Reports

The computer program used to generate file listings for the various ana-
lyses just described was modified to print the following totals at speci-
fied changes in key fields as shown in Figure 7.

Total Organizational Level Man-hours (OHRS)

Total Direct Support Man-hours (DHRS)

Total Aircraft Downtime (DOWN)

Total Mission Aborts (ABT)
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When the file editing was complete, a series of reports was generated for
analysis of fault isolation maintenance experience on the CH-54.

ANALYSIS OF FAULT ISOLATION PROCEDURES

An analysis was conducted to evaluate troubleshooting data contained in
the maintenance manuals for the CH-54 helicopter. Troubleshooting data
extracted from the manuals were compared with the symptoms and causes
actually experienced with the CH-54 in the field, as documented in the
ORME records. Each symptom reported in the ORME data was cross-referenced
to the troubleshooting table(s) in which it was covered. Symptoms listed
in the manuals but not experienced in the field were noted. A population
of symptoms experienced in the field was examined in detail to determine
the extent to which significantly occurring causes are covered by the
manuals and the efficiency of the troubleshooting instructions relative
to isolating the most probable causes.
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FIELD SURVEY METHODS

The original plan for this program called for surveying fault isolation
maintenance experience with the CH-54 helicopter at representative field
operating activities. The objective of the surveys was to obtain infor-
mation on fault isolation maintenance problems with Army aircraft in the
field. After the CH-54 field surveys were completed and the results of
the surveys were analyzed, it was concluded that the CH-54, because of
the exceptionally high experience level of the crew chiefs and flight
engineers doing the majority of troubleshooting on the aircraft, may not
have been representative of other helicopters in the Army inventory. It |
was decided at that point to modify the program to include surveys of

two other current-inventory helicopters. The AH-1 and CH-47 helicopters
were selected for these additional surveys because these two models are
expected to remain in the inventory for many years. The purpose of the
additional surveys was to attempt to determine if the conclusions about
helicopter fault isolation maintenance arrived at through study of the CH-54
were applicable to the Army helicopter fleet as a whole.

Table 4 1ists the dates and locations of the surveys and the number of ‘
people interviewed at each survey. Interviews.were conducted with a total ]
of 35 maintenance personnel and 6 pilots. Table 5 lists the'MOS and rank : 4
of the survey participants. 4 =t '

\ .
‘

TABLE 4. FIELD SURVEY SCHEDULE
~
. Acft. | Acft.| Persons
Date Location Unit Model | Qty. |Interviewed
April Fort Sill, 273rd Transportation CH-54B 9 7
18-20 Oklahoma Company
May Fort Rucker, Northrop Worldwide CH-548B 3 3
3-4 Alabama Aviation Services
May Topeka, 137th Aviation Co. CH-54A 9 7
15-18 Kansas Army National Guard
June Fort Wainwright, 343rd Aviation CH-54B 4 9
5-8 Alaska . - * Detachment
October Fort Campbell, A Company, 159th CH-47C 16 8
11-12 Kentucky Aviation Bn, 101st
Airborne Division
1 October Fort Bragg, A and B Troops, 1/17 AH-1G/ 5 7
18-19 North Carolina Air Cavalry, 82nd AH-1S 13
Airborne Division
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TABLE 5. MOS AND RANK OF FIELD SURVEY PARTICIPANTS

Pay Grades
Military Occupational E4 B G&s Cap Civil-
Specialty (M0S)/Job Title E-5 E-7 -4 tain ian
35K Avionics Mechanic 1
35L Avionics Communications 1
Equipment Repairman
35P  Avionics Equipment 1
Maintenance Supervisor
67U Medium Lift Helicopter 2 4
Repairman
67W Aircraft Quality Control 2
Supervisor
67X Heavy Lift Helicopter 4 9
Repairman
67Y Attack Helicopter 1 1
Repairman
67Z Aircraft Maintenance 2
Senior Sergeant
68B Aircraft Power Plant 1
Repairman
68F Aircraft Electrician 3
Master Mechanic 1
Avionics Technician 1
100 Pilot 5
Total 12 20 5 1 3
41
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GENERAL SURVEY METHOD

Each interview was attended by a group of from two to three maintenance per-
sonnel. Most sessions were attended also by at least one pilot. At the
start of each session with a new group, the objectives of the program were
explained. The participants were advised that the purpose of the inter-
views was to learn what the experience of people working in the field had
been relative to certain maintenance problems with the aircraft, and that
the questions they would be asked were not intended to test their knowledge
or ability. Further, it was explained that many of the symptoms to be dis-
cussed were known to occur infrequently and that they may, therefore, not
have experienced a given problem or may not have experienced it recently
enough to recall the needed information. Whenever they felt unsure about
discussing a particular area of maintenance, they were instructed to state
so, and that topic would be omitted.

Prior to the start of each session, a personnel data sheet was filled out
for each person in the group. Shown in Figure 8, the data sheet recorded
information relative to each individual's training, maintenance experience,
and present job assignment.

CH-54 SURVEY QUESTIONNAIRE

The CH-54 surveys were organized into three sections. The first section
consumed a major part of each survey and covered a detailed discussion of
typical symptoms and their causes and the problems involved with trouble-
shooting these symptoms. The second section required much less time and
explored the participant's knowledge of symptoms associated with the fail-
ure or malfunction of various aircraft components. At the close of each
survey, a brief period was spent with some general questions related to
fault isolation maintenance. Overall concerns and recommendations were
also solicited.

In preparation for the surveys, the processed ORME data on the CH-54 was
examined, and a population of symptoms having a high frequency of occur-
rence, a significant troubleshooting error rate, and/or requiring a high
average number of man-hours to fault isolate were selected for study.
Several infrequently occurring symptoms were included in the sample to test
the ability of field personnel to recognize problem frequency. A total of
36 symptoms comprised the selected sample.

CH-54 Survey, Part I

A three-page questionnaire, shown in Appendix C, was developed to collect
data on the sample of 36 symptoms. Each symptom was covered by a separate
questionnaire. Part A of the questionnaire described the symptom. Part B
contained six questions related to the detection and reporting of the symp-
tom and its frequency of occurrence. Questions pertaining to confirmation
of the symptom and the occurrence of no-defect reports were covered in Part
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PERSONNEL DATA

Name : MOS: Rank:

Unit: Location:
TRAINING:

A11 Helicopter:

Survey Model:

MAINTENANCE EXPERIENCE (YEARS):

A11 Helicopter: Survey Model:

TROUBLESHOOTING EXPERIENCE (YEARS):

A11 Helicopter: Survey Model:

SYSTEM EXPERIENCE:

D Airframe [:I Rotors D Fuel

[:j Landing Gear [:] Power Plant [:] Hydraulics
D Flight Controls D Drives D Electrical
[ Jutitities [] Instruments [ ] Avionics

CURRENT ASSIGNMENT:

D AVUM I:J AVIM Function:

Figure 8. Personnel Data Sheet
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In Part D, field personnel were asked to list, in order of probability,
known causes or possible causes of the symptom. As many as five causes
(failed or defective components) could be listed, and the participants were
asked to rank the relative ease or difficulty of diagnosing each cause.
The ranking considered both the ease of checking the component in place or,
in the absence of a method of checking the component, the ease of replacing
it as a method of confirming or eliminating the cause. Also in Part D the

participants were asked to judge from their own experience whether the fault

isolation error rate related to that symptom, as reflected by the ORME data,
was high, low, or average.

Part E of the questionnaire asked the participants to describe their
approach to troubleshooting the symptom and to estimate the relative diffi-
culty of the task and the time involved. Part F covered resources used in
the troubleshooting task and asked the participants to assess their ade-

quacy.

The questionnaires were filled in by the Sikorsky engineer conducting the
interviews. Questions were asked in the context of an informal discusssion,
and the participants were encouraged to volunteer opinions and to make re-
commendations.

CH-54 Survey, Part II

Part II of the CH-54 survey was concerned with assessing the ability of
field personnel to recognize symptoms associated with the failure or mal-
function of specific aircraft components. Prior to the start of the sur-
veys, the processed ORME data was searched for components which had caused
varied malfunctions of the aircraft, i.e., had exhibited multiple symptoms
in service. A sample of 30 components was selected.

Forms were prepared on which to record the nomenclature and part number of
the 30 components, and the symptoms of failure related to each that were
suggested by field personnel during the interviews. The form is shown in
Appendix C. Illustrations taken from the aircraft parts catalogs were
shown to the people being interviewed when they had trouble recognizing a
particular component from the nomenclature and part number.

CH-54 Survey, Part III

The concluding part of each CH-54 survey involved a general discussion of
fault isolation maintenance during which the participants were encouraged
to comment on any subject of concern or interest to them. In addition, two
general questions designed to assess field personnel's perception of fault
isolation work, relative to their other duties, were asked:

1 On average, what percentage of your working time is
spent on troubleshooting versus all other types of maint-
enance (servicing, inspection, repair, replacement, etc.)?
People experiencing difficulty arriving at a percentage
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TABLE 11. COMBAT VERSUS NONCOMBAT MAINTENANCE
Combat Noncombat
F1ight-Hours 34,966 22,198
Fault Isolation Actions/Flight-

Hour .115 .219
Fault Isolation Man-Hours/

F1ight-Hour 157 .275
Mission Aborts/Flight-Hour .013 .021
No-Defect Rate (No-Defects/

Action) .006 .053
Average Fault Isolation Task

Time (Man-Hours) 1.45 1.33
Downtime Hours/Flight-Hour .635 1.387
Fault Isolation Error Rate

(Errors/1,000 Actions) 73 95

The combat aircraft exhibit an abort rate that is substantially lower than
that exhibited by the noncombat aircraft. This might be explained by the
reluctance of pilots to abort urgent combat missions for the less serious
types of symptoms that would prompt them to abort routine missions such as
training.

The no-defect rate (frequency of unconfirmed crew reports) is also sub-
stantially lower for combat aircraft than for noncombat aircraft. Here
again, pilots in combat are probably much less inclined to report minor
problems than they would be if they were flying routine missions.

A comparison of combat and noncombat maintenance experience shows no sig-
nificant difference with respect to average fault isolation task time.
Downtime is appreciably lower for the combat aircraft, however, due prob-
ably to the high priority attached to keeping aircraft ready in combat.

The fault isolation error rate is also lower for the combat aircraft. While
this may be due to normal statistical deviation with the sampled data, it
may reflect the higher skill level and efficiency of maintenance personnel
assigned to combat units.
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Contract Versus Army Maintenance

Approximately 15% of the ORME data was collected on CH-54 helicopters be-
ing maintained under a contract maintenance system. An analysis was con-
ducted to determine whether fault isolation maintenance performed by con-
tract maintenance personnel differs significantly from that performed by
Army personnel. Table 12 summarizes the results of this analysis.

TABLE 12. CONTRACT MAINTENANCE VERSUS ARMY MAINTENANCE
Contract Army
F1ight-Hours 8,141 49,023
Fault Isolation Actions/Flight-Hour .299 .131
Fault Isolation Man-Hours/Flight-Hour .342 179
Mission Aborts/Flight-Hour ..030 .013
No-Defect Rate (No-Defects/Action) .041 .029
Average Fault Isolation Task Time
(Man-Hours) - 1.44
Downtime Hours/Flight-Hour .862 .939
Fault Isolation Error Rate (Errors/
1000 Actions) 103 78

Aircraft maintained by contract personnel show a significantly higher task
frequency and man-hours per flight-hour for fault isolation maintenance
than do aircraft maintained by the Army. This again is believed to be due
to less complete reporting from the combat zones. Nearly 3/4 of the data
covering Army maintenance activities came from combat operations in Viet
Nam where conditions precluded 100% reporting under the ORME program. The
higher maintenance frequency and man-hours associated with the aircraft
maintained under contract maintenance is attributed to the more complete
maintenance reporting that existed at these activities.

The mission abort rate and no-defect rate are also substantially higher for
the aircraft maintained under contract maintenance. These rates mirror the
respective maintenance frequencies; here also, the higher values are at-
tributed to more complete reporting rather than to any differences in
performance.
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Average fault isolation time and downtime per flight-hour are significantly
lower for aircraft maintained under contract than they are for aircraft
maintained by the Army. The downtime ratio is opposite to what would be
expected based on the level of reporting discussed before. The data appears
to indicate that contract personnel accomplish fault isolation work more
efficiently than do Army personnel. This is not unexpected in view of the
greater pressure on efficiency in a commercial, profit-making operation.

In apparent contradiction to this conclusion is the high fault isolation
error rate experienced under the contract maintenance system. This may be
due entirely to statistical deviation, especially in view of the relatively
small sample of events that comprises the contract maintenance experience.
There is no other obvious explanation for contract maintenance personnel to
be more error-prone than Army maintenance personnel. In fact, considering
the typically greater skill level and experience of contract personnel, just
the opposite should be expected.
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RESULTS OF THE TROUBLESHOOTING PROCEDURES ANALYSIS :

Handbook-Covered Symptoms Experienced in Service

Troubleshooting tables in the Aviation Unit and Intermediate Maintenance
Manual for the CH-54A Helicopter (TM 55-1520-217-23-1) were analyzed and
compared with actual fault isolation maintenance experience as documented
by the ORME program. Table 13 gives a breakdown of the maintenance manual
by chapter, showing the percentage of symptoms referenced in the manual
that were reported from the field during the period of the ORME program.

e Approximately 2/3 of the symptoms covered by the main-
tenance manual were experienced in actual service.

The ORME data base represents 57,000 flight-hours of operation with the
CH-54 over a period of roughly five years. Although this is a substantial
b amount of experience with the aircraft, it still represents an incomplete
i sample of system failures and maintenance events. Many symptoms develop
} only with a particular kind of failure under a particular set of conditions.
i It is probable, therefore, that 57,000 flight-hours did not provide the
opportunity for some symptoms to occur. A larger flight-hour base would
likely have increased the number of handbook-covered symptoms experienced
in service.

Coverage of Service-Experienced Symptoms in the Handbooks

The handbook troubleshooting tables were examined for the presence of symp-
toms reported under the ORME program. The following results were obtained:

% of Reported % of Covered :

Symptoms Symptoms
Not listed in troubleshooting tables 67.7
Listed in two tables 24.7 76.5
Listed in two tables 5.9 18.3
Listed in three or more tables kel 9.3
100.0 100.1

® Approximately 2/3 of the symptoms reported under the ORME
program were not found listed in the maintenance manual
troubleshooting tables.

T

1 e Approximately 25% of the symptoms reported under the ORME
‘ program and covered by the maintenance manual were found
listed in two or more troubleshooting tables.
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TABLE 13. COMPARISON OF ORME-REPORTED SYMPTOMS WITH SYMPTOMS
LISTED IN CH-54A TROUBLESHOOTING TABLES
No. of No. of No. of % of
Chapter of the Symptom Symptoms ORME Handbook
Maintenance Manual Tables/ Covered Reported |Symptoms
Chapter in Tables | Symptoms* |Reported
Airframe 0
Landing Gear 2 7 4 57
Power Plants 5 35 26 74
Rotors 2 3 2 67
Drive Train 10 34 20 59
Hydraulics 13 90 56 62
Instruments 21 7 68 96
Electrical** 4 39 9 23
Fuel 5 22 15 68
Flight Controls 0
Utility Systems 5 19 14 74
Environmental Control 1 8 4 50
Hoists and Winches 2 23 12 52
Auxiliary Power Plant 1 15 14 93
AFCS 1 26 16 62
Total ;; SEE EEE _gg
* Number of symptoms covered in handbook tables actually reported
under the ORME program.
**Excluding lighting.

In the discussion of the results of the ORME data analysis, it was explained
that in some cases the information provided in the ORME records was not ade-
quate to determine whether similar-sounding descriptions were in fact de-
scribing the same symptom. When this determination could not be made, the
symptoms were judged to be different. The total number of symptoms recorded
in the ORME data may therefore be larger than the number of symptoms act-
aully experienced. Were it possible to interpret each symptom description
precisely, the list of recorded symptoms would probably be reduced, increas-
ing the percentage of symptoms found in the handbook troubleshooting tables.
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& Coverage of Fault Causes in the Handbooks

ORME data, the following results were obtained:

The most frequently reported cause
in the ORME data is among the
possible causes listed in the manual.

The two most frequently reported
causes are among the possible causes
; listed in the manual.

4 The three most frequently reported

causes are among the possible causes
listed in the manual.

manual.

% of Symptoms
Examined

o For 50% of the symptoms in the selected sample,
the most frequently reported cause was not
found 1isted in the maintenance manual.

e For 85% of the symptoms in the selected sample,
one or more of the most frequently reported
causes were not found listed in the maintenance

A group of 20 symptoms, each occurring with relatively high frequency in
the ORME data and each reportedly having been caused by the failure of |
different components, was compared with the respective troubleshooting
procedures in the maintenance manual. A typical analysis is shown in
Figure 14. With respect to the coverage of symptom causes reported in the

50.0

30.0

15.0

ST

Fault Symptom: EPR Indicator Inoperative

Discovered Fault (Failed Item) Number Fre- |Handbook
: of quency | Table
1 Part Number Nomenclature Reports Rank |Step No.
6445-61207-101 Transducer 18 1
6445-61234-101 Damper, Fluid Pressure 9 2 1
6440-61206-101 EPR Indicator 5 3 2
6430-62087-053 Tube Assembly 1 4
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These results are based on a very small sample of symptoms and may there-
fore not represent accurately the overall content of the complete set of
troubleshooting tables contained in the manual. Not only is the sample of
symptoms small but also the number of occurrences of some of the symptoms
in the sample (as few as 21). A larger number of maintenance events would
probably have introduced other causes of the symptoms, altering their res-
pective rankings and possibly increasing the percentage of symptom causes
found in the manual. The results obtained from the examination of 20 symp-
toms may also be distorted by the possibility that some of the causes re-
corded in the ORME data are invalid. The sample of 20 symptoms was also
examined with respect to the placement of possible causes in the mainte-
nance manual troubleshooting tables, relative to their probability of
occurrence as reflected by the ORME data. The following results were
obtained:

% of Symptoms

Examined
The most frequently reported cause 35.0
is among the first three possible
causes listed in the manual.
The most frequently reported cause 15.0

is the first possible cause listed
in the manual.

With respect to the poor correspondence of symptom cause frequency with the
ordering of possible causes in the manual, two comments are appropriate.
First, for reasons just given, the data may not accurately represent the
true frequency of the reported causes. Second, the most efficient fault
isolation procedure is not necessarily the one that lists the possible
causes of a symptom in exactly the order of their probability of occur-
rence. The ease and confidence with which each of the possible causes can
be checked must also be considered.

For all of the above reasons, this study of 20 fault symptoms provides only
a very general indication of the quality of the handbook troubleshooting
procedures.
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RESULTS OF THE FIELD SURVEYS

TRAINING AND EXPERIENCE OF PERSONNEL

In the course of the CH-54 field surveys, 4 CH-54 operating bases were visi-
ted, 4 weeks were spent in the field and a total of 22 maintenance personnel
and 4 pilots were interviewed. Table 14 shows the formal training and experi-
ence level of the field personnel participating in these surveys.

TABLE 14. FORMAL TRAINING AND EXPERIENCE LEVEL
OF CH-54 SURVEY PARTICIPANTS
Formal Training Experience
Nimbar (Weeks) (Years)
of Other Other
Function Persons | CH-54 | Helo. CH-54 Helo.
Crew Chief 6 9 11 6 5
Flight Engineer 8 16 10 7 2
Electrical/Avionics 7 1 6 4 4
Repairman
Technical Inspector 1 e 11 8 -
Avg. Maint. Personnel 22 8 9 5 3
Pilot/Test Pilot 4 6 52 7 6

The survey of the CH-47 helicopter at Fort Campbell, Kentucky, included
interviews with 8 aircraft maintenance personnel over a period of 2 days.
The survey of the AH-1, also 2 days in duration, included interviews with

4 maintenance personnel, 3 pilot/maintenance supervisors, and 1 maintenance
officer. Tables 15 and 16 show the formal training and experience level of
the AH-1 and CH-47 survey participants.
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TABLE 15. FORMAL TRAINING AND EXPERIENCE LEVEL OF
AH-1 SURVEY PARTICIPANTS

Formal Training Experience
Number (Weeks) (Years)
Function of Other Other
Persons| AH-1 Helo. AH-1 Helo.
Maintenance Officer 1 2 26 2 2
Maintenance Supervisor 2 2 16 7 8
Technical Inspector 1 8 8 3 14
QC Officer/Pilot 1 4 40 4 _
Maintenance Technician/ 1 4 36 4 7
Pilot
PE Team Leader 1 11 - 2 -
Average 7 5 20 4 6

TABLE 16. FORMAL TRAINING AND EXPERIENCE LEVEL
OF CH-47 SURVEY PARTICIPANTS

Formal Training Experience
Number (Weeks) (Years)

of Other Other

Function Persons CH-47 | helo. CH-47 | Helo.
Platoon Sergeant 2 8 22 6 7
Technical Inspector 1 16 6 8 -
Flight Engineer 4 6 2 5 5
Engine Repair Shop 1 11 - - -
Supervisor i 5 ) A —
Average 8 9 7 5 4
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The training and experience level of the AH-1 and CH-47 field survey parti-
cipants is very close to that of the personnel who participated in the

CH-54 surveys. However, while the CH-54 participants were said to be typ-
ical of all personnel maintaining the CH-54, the AH-1 and CH-47 participants
were among the more senior people in their respective organizations. At the
two units surveyed, the average experience level of crew chiefs on the AH-1
and CH-47 helicopters was estimated by the participants to be between one
and two years. Crew chiefs and flight engineers on the CH-54 average over
five years experience with the aircraft and have more than ten years of to-
tal helicopter experience.

CH-54 Skills and Experience Level

The experience level of pilots and maintenance personnel in CH-54 units is
concluded to be on average much higher than that of personnel assigned to
other types of aircraft. There are two basic reasons for this. First, the
population of CH-54s in the Army inventory is small and the personnel who
operate and maintain them form a relatively small, close-knit community.
When personne! are transferred or rotated, they tend to move from one CH-%4
unit to another, a situation less prevalent with other types of aircraft.
Secondly, the CH-54 carries two enlisted personnel in the aircraft flight
crew: the flight engineer and the crew chief, both having rank in the E-5
to E-6 pay grades. The additional crew member position creates greater op-
portunity for advancement, retaining a larger number of people in the main-
tenance organization and resulting in a high ratio of senior personnel.

Except for electrical and avionics problems, aircraft troubleshooting is
done mainly by the CH-54 crew members. Since the CH-54 has both a flight
engineer and a crew chief, each aircraft has two primary troubleshooters.
Coupled with the experience level of the people, this gives the typical
CH-54 unit a much better capability in fault isolation maintenance than pre-
vails with other Army aircraft. The experience level of CH-54 pilots en-
hances this capability, since it is the pilot who usually observes and re-
ports the problem and assists his crew members with troubleshooting. These
factors tend to make fault isolation maintenance on the CH-54 somewhat un-
typical of Army aviation in general.

AH-1 and CH-47 Skills and Experience Level

At both the AH-1 and CH-47 units it was reported that the crew chiefs were
primarily responsible for troubleshooting on their aircraft and that they
were encouraged by their superiors to do as much troubleshooting as they
could. However, because of the limited experience of most of the AH-1 and
CH-47 crew chiefs, they were able to accomplish only the simpler, more rou-
tine troubleshooting tasks themselves and almost always referred the more
difficult problems to their supervisors or the TI (Technical Inspector).
This differs substantially from the situation with the CH-54, where the
crew chiefs and flight engineers are all highly experienced and do most of
the nonavionics systems troubleshooting themselves.
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It was also discovered with the CH-47 and AH-1 units, contrary to findings
with the CH-54, that the TIs do get actively involved with troubleshooting.
At the CH-47 unit, the TI was a principal troubleshooter. At the AH-1 unit,
TIs were involved with troubleshooting to varying degrees and, when asked
why some were more involved than others, indicated that is very much a mat-
ter of personal initiative. It was explained that troubleshooting is not a
specifically defined responsibility of the TI, and only those that wished
to got actively involved with it. .

Key troubleshooters were asked how often they called for assistance by
maintenance specialists in power plants, hydraulics, etc. Estimates ranged
between 20% and 30%. It was pointed out by some of the respondents that
component specialists often could not help with on-aircraft troubleshooting
because they lacked an overall understanding of the operation of the system.

COMPARISONS WITH CH-54 STATISTICS

One objective of conducting the AH-1 and CH-47 surveys was to determine
whether the scope of nonavionics systems troubleshooting on the CH-54 as
documented in the ORME records was typical of other helicopters in the
inventory.

Fault Isolation Maintenance Frequency

One part of the AH-1 and CH-47 surveys attempted to establish the frequency
of fault isolation maintenance related to nonavionics systems of the air-
craft. The purpose was to compare the frequency of maintenance on these
aircraft with the 6.5 flight-hours between fault isolation tasks calcula-
ted from the ORME data for CH-54. The results of these inquiries are pre-
sented in Table 17.

TABLE 17. ESTIMATES OBTAINED FROM THE AH-1 AND CH-47 SURVEYS RELATED
TO FAULT ISOLATION MAINTENANCE FREQUENCY

AH-1 CH-47

1st Group 2nd Group 1st Group 2nd Group

Estimated percentage of flights 75% 75% - 90% 90% - 95% 100% approx.
involving crew-reported discrepancies

Estimated average number of dis- 2 2 3-4 2 =3
crepancies reported per flight

Estimated percentage of dis- 75% 75% 50% -~ 75% 65%
crepancies related to avionics
[¥and weapons
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The original estimates for the frequency of problem writeups by AH-1 flight
crews were much lower than the 75% to 90% values given in Table 17, aver-
aging more in the range of 30% to 50%. When questioned, the participants
said that most of the AH-1S models were new aircraft (the high-time air-
craft having flown just over 200 hours) and that relatively few problems
were being experienced compared with the older AH-1G models they had been
operating. It was felt that insufficient experience had been acquired with
new AH-1S to provide representative statistics, so the respondents were
asked to give estimates for the AH-1G with which they were more familiar.

Average utilization of the AH-1 at Fort Bragg was said to involve two basic
types of flying: garrison missions, consisting of local area (airport to
airport) flights at altitudes over 500 feet, and field missions, consist-
ing mainly of nap-of-the-earth flying with hot refueling. Garrison missions
were estimated to involve 2 to 4 flight-hours and field missions 6 to 8
flight-hours. Using 5 hours as an average mission length, and the estimated
frequency of flight crew writeups given by the survey participants, a crew-
reported discrepancy might be anticipated on nonavionics systems of the

AH-1 approximately every 6 to 8 flight-hours.

Utilization of the CH-47 at Fort Campbell was said to involve missions of
4 to 5 hours duration. Based on the estimated frequency of flight crew
writeups given by the CH-47 survey participants, a crew-reported discrepan-
cy might be anticipated on nonavionics systems of the CH-47 approximately
every 5 flight-hours.

When asked what percentage of crew writeups involve discrepancies that are
either seen or whose cause is known by the flight crew, most participants
estimated 10% to 20%. Assuming the higher value, a nonavionics system
troubleshooting action might be anticipated on the AH-1 every 7 to 9 flight-
hours and on the CH-47 every 5 to 6 flight-hours. These are admittedly very
crude estimates, but based on the relative complexity of the aircraft, they
appear to be consistent with the 6.5 flight-hour frequency of nonavionics
system troubleshooting calculated for the CH-54.

Time of Occurrence of Symptoms

The AH-1 and CH-47 survey participants were asked to estimate the percentage
of crew-discovered problems occurring in each of three mission phases: (1)
engine start to takeoff, (2) in-flight, and (3) on ground to engine shutdown.
ORME data on the CH-54 indicated that approximately half of all reported
symptoms occurred in flight. Widely varying responses were obtained. Air-
craft crew chiefs tended to place the majority of symptoms in the engine
start to takeoff category, presumably because these are the types of prob-
lems with which they are most directly involved. Maintenance supervisors
and Technical Inspectors tended to place the majority of reported symptoms
in the in-flight category, the category comprising the more difficult trou-
bleshooting problems referred to them by the crew chiefs. It is apparent
that the position of the individual in the maintenance organization greatly
influences his perception of when problems with the aircraft most often
wecur.  No valid conclusions could be drawn from the survey responses.
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Abort Rate

The AH-1 and CH-47 survey participants were asked to estimate the frequency
of crew-reported malfunctions of nonavionics systems that result in aborted
missions. Approximately 10% of the ORME-reported symptoms on the CH-54
were found to have caused aborts. For the CH-47, fewer than one percent of
malfunctions were estimated to cause aborts. For the AH-1, estimates of
five percent or less were given. The lower abort frequency estimates for
the CH-47 may be related to the amount of time that the maintenance crew

is allowed to correct a problem before cancelling or aborting a mission.
The CH-47 personnel said that they would often spend up to an hour correct-
ing a malfunction before or during a mission without recording an abort.
Abort frequency estimates given for the AH-1 and CH-47 are both substan-
tially lower than the 10% rate calculated for the CH-54. This may be due
to differences in local policy concerning the criteria for recording aborts
and/or to misjudgements on the part of the survey participants.

No-Defect Rate

An estimate of the percentage of flight crew reports for which no failure

or defect can be found was requested. Estimates ranged from one to five
percent, with the majority under two percent. Vibration and abnormal flight
performance were cited as the most frequently reported problems of this
type. The estimates given by the AH-1 and CH-47 survey participants agree
well with the 3% no-defect rate calculated for the CH-54 from the ORME data.

Troubleshooting Error Rate

The AH-1 and CH-47 survey participants were asked to estimate how often the
average troubleshooter makes an error in troubleshooting. The word average
was stressed to avoid having people make judgements that were critical of
themselves. Error rates of 25% were estimated for the average crew chief,
while error rates of 10% to 25% were estimated for senior troubleshooters.
Asked what percentage of troubleshooting errors are undetected until the
aircraft is operated or flown again, estimates ranged from 2% to 5%. It is
somewhat difficult to compare the AH-1 and CH-47 estimates with the 8 1/2%
error rate calculated for the CH-54, since the participants were including
in their estimates the in-process troubleshooting errors that the ORME data
was unable to document.

Instrument-Related Symptoms

Estimates were requested of the percentage of all flight crew reported symp-
toms on the aircraft that were observed either as abnormal instrument read-
ings or as caution lights or warning lights in the cockpit. Instruments

and warning lights were estimated to be the source of from 2/3 to 3/4 of all
flight crew reported symptoms on the aircraft. This compares with an ap-
proximate ratio of 40% calculated for the CH-54 from the ORME data. Asked to
estimate the percentage of abnormal instrument readings that are traced to a
failure of the instrument or its sensor rather than a failure of the moni-
tored system, estimates of 65% to 90% were given. This compares with an ap-
proximate ratio of 50% calculated for the CH-54 from the ORME data.
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Warning lights and caution lights were said to be much more reliable than
the aircraft instruments, with false indications occurring less frequently
than 5% of the time. Estimates of instrument-related symptoms supplied by
the AH-1 and CH-47 survey participants tend on average to be significantly
higher than the equivalent values calculated for the CH-54, but confirm
that instruments and warning devices are a major factor in the fault iso-
lation maintenance of nonavionics systems of the helicopter.

POLICIES AND PROCEDURES IN THE FIELD

One portion of the field surveys of the three aircraft models was concerned
with policies and procedures in the conduct of fault isolation maintenance.
The responses to this area of inquiry are summarized in the following para-
graphs. The quantitative tabulations are derived mainly from the CH-54
surveys, which covered in detail 36 specific symptoms selected from the

ORME reports.

Flight Crew Reporting

Several of the field survey questions dealt with the reporting of symptoms

by the flight crews. One question asked if the

might be otherwise described by the flight crew.
CH-54 survey of 36 symptoms are tabulated below.

Number of Suggested
Alternate Symptom Descriptions

symptom being discussed
The responses from the

% of Responses

None
One
Two

Three or more

For more than 40% of the symptoms, at least one
given. Two or more alternate descriptions were
toms.
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58.6
25.7
10.0

5.7

—

100.0

alternate description was
given for 15% of the symp-




Another question asked about the accuracy and completeness of symptom des-
criptions provided by the flight crews. The results of the CH-54 survey
are tabulated below.

Accuracy and Completeness

of Symptom Descriptions % of Responses
Usually accurate and complete 81.5
Information frequently lacking 17.1
Information always lacking —
100.0

In more than 80% of the cases, the CH-54 survey participants rated flight

crew writeups as accurate and complete. However, this response appears to
conflict with the response to a question concerning additional information
required to troubleshoot the same symptoms, as later discussion will cover.

The AH-1 and CH-47 survey participants were asked if flight crew reports

of symptoms were generally accurate and complete. The majority of respon-
ses said that they were, although it was felt that the quality of the reports
was a direct reflection of the experience of the pilots. At both the AH-1
and the CH-47 units, the majority of pilots were highly experienced, aver-
aging 1,500 hours or more in the aircraft.

When asked how often it was necessary to consult with the flight crew be-
fore beginning a troubleshooting action, CH-47 personnel estimated 5% to

10% of the time while AH-1 personnel estimated up to 90% of the time. This
difference is not unexpected, since the flight engineer and crew chief of

the CH-47 are normally on board the aircraft to experience the symptoms first
hand, while the AH-1 crew chiefs are not.

Asked to name the most frequent problem encountered with flight crew write-
ups, most of the participants cited the tendency of some pilots to report
what they believed to be the cause of a problem rather than the symptom
i.e., to troubleshoot by seat of the pants. This problem was also cited by
several of the CH-54 survey participants.

The participants were asked to estimate how often each of the 36 sampled
symptoms was reported but unconfirmed. The responses are tabulated below.

Frequency at Which Symptom is

Reported but Unconfirmed % of Responses
Sometimes 32.9
Rarely 30.0
Never 37.1
100.0
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The large percentage of responses indicating that symptoms are sometimes
reported when no failure or defect is found appears at odds with the low
percentage of no-defect reports found in the ORME data. One possible
explanation for the apparent discrepancy is that many unfounded gripes are
resolved between the crew chief and the pilot without being officially
documented.

Methods of Confirming Symptoms

The survey participants were asked the methods they would use to confirm
that a symptom reported by the flight crew was valid. Responses from the
CH-54 survey are categorized in Table 18.

TABLE 18. METHODS OF CONFIRMING REPORTED SYMPTOMS

Method of Confirming Symptom % of Responses
Wait until next scheduled flight 2.9
and see if symptom reported again
Discuss problem with pilot and/or 1.4
flight engineer
Ask maintenance check pilot to 1.4
discuss problem with pilot
Ground test 52.9
Flight test 18.6
Ground check and test fly if 17.1
necessary
Begin troubleshooting 5.7
immediately

100.0

The method of symptom confirmation depends to a great extent on the nature
of the symptom and the expectation, based on prior experience, that a
pilot's complaint may be invalid. In about 3% of the cases, field per-
sonnel had sufficient doubt about the validity of reports of a given symp-
tom that they would take no action until the symptom was reported again.
(This presumes, of course, that the reported symptom had no safety impli-
cations.) 1In slightly more than 5% of the cases, field personnel had suf-
ficient confidence that reports of a symptom would be valid that they said
that they would begin troubleshooting immediately.
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For each of the symptoms covered by the CH-54 surveys, the survey partici-
pants were asked to indicate the information, in addition to the symptom
description, they would need to troubleshoot the problem. The response is
presented in Table 19.

TABLE 19. ADDITIONAL INFORMATION REQUIRED TO
TROUBLESHOOT REPORTED SYMPTOMS

Additional Information Required

to Troubleshoot Symptoms % of Responses
None 27.1
Flight Conditions (Speed, Altitude, 28.6
Flight Maneuvers, etc.)
Weather Conditions (Wind, Precipita- 10.0
tion, etc.)
Aircraft Configuration (Fuel Load, 11.4
Sling Load, Pod on/off, etc.)
Instrument Readings and Caution 31.4
Lights
Terrain Conditions 1.4
Systems Operative (AFCS, Stick 27.1

Trim, Remote Controls, etc.)

Symptom Conditions (Nature, 28.6
Severity, etc.)

Other Observations (Sound, 10.0
Vibration, etc.)

Only 27% of the responses indicated that the symptom description alone was
sufficient information upon which to begin troubleshooting. When asked

how the additional information they required would be obtained, most people
replied that they would consult with the flight crew. This response appears
to contradict the opinion that crew reports are usually accurate and com-
plete, given in response to an earlier question.

Troubleshooting Methods

The CH-54 survey participants were asked to describe generally the methods
they would use to troubleshoot each of the 36 sampled symptoms. From their
responses specific types of tests and inspections were identified as shown
in Table 20.
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TABLE 20. TROUBLESHOOTING METHODS CITED
BY FIELD PERSONNEL

Troubleshooting Methods

Cited by Field Personnel % of Responses
Functionally check 60.7
Swap components and check 50.8
Visually inspect 34.4
Call specialist 18.0
Observe instruments and 13.1
caution lights

Listen/feel while operating 11.5
Check adjustment 11.5
Test 8.2
Bleed/service system 4.9
Measure wear or play 33
Check torques 3.3
Replace marginal or suspect 1.6
parts

Troubleshooting methods are of course dependent upon the type of symptom.
As might be expected, visual inspections and functional tests are used to
troubleshoot a large percentage of the symptoms. Of some significance is
the large number of responses that included swapping of components in the
troubleshooting procedure. When questioned, the CH-54 respondents defen-
ded this practice as being the most efficient method (in many cases the
only method) of troubleshooting a symptom.

The participants were also questioned about the practice of parts swapping
as a method of troubleshooting. Estimates of the percentage of trouble-
shooting actions that involve swapping one or more parts or components to
isolate a fault ranged from 25% to 75%, with the majority of respondents
citing avionics and instruments as the systems with which the practice is
most prevalent. Asked if stocks of inexpensive, frequently used parts
were maintained for this purpose, only the CH-47 flight engineers acknow-
ledged the practice. Supervisory personnel in both units indicated that
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the practice was officially prohibited. Questioned about the number of
times that a swapped component fails to correct the problem, estimates
ranged from 25% to 50%. Good parts replaced during troubleshooting were
either reinstalled or returned to supply as serviceable all respondants
indicated.

FIELD PERSONNEL'S PERCEPTIONS OF FAULT ISOLATION MAINTENANCE

The CH-54 surveys concentrated on a very detailed examination of 36 symp-
toms having a high frequency of occurrence, a significant troubleshooting
error rate, and/or requiring a high average number of man-hours to fault
isolate. Because of limitations on time, it was not possible to cover all
36 symptoms at each of the four CH-54 survey sites. Further, those symp-
toms which had not been experienced by field personnel participating in a
given survey were omitted from that survey. Table 21 shows the number of
surveys at which symptoms were covered and the number of surveys at which
symptoms had been experienced by the participants.

TABLE 21. RESPONSE TO CH-54 SURVEY OF 36 ORME-REPORTED SYMPTOMS

Surveys Surveys at Which Symptom Experienced

at Which

Covatal 4 3 2 | 1 0 | Total
4 4 5 4 6 1 20
3 1 2 4 7
2 4 4 8
1 1 1
0

Total 4 6 10 15 1 36
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e Twenty-seven of the 36 symptoms were covered at three
or more survey sites; 35 of the 36 were covered at two
or more survey sites.

e Twenty of the 36 symptoms were experienced at two or
more of the survey sites; 35 of the 36 were experienced
at one or more survey sites.

Perception of Troubleshooting Task Frequency

At each survey session the participants were asked the percentage of the
total failures (repairs and replacements) that are discovered via trouble-
shooting versus inspection. Crew chiefs and flight engineers on the CH-54
estimated that fewer than 10% of all failures are found by troubleshooting,
more than 90% by inspection. Participants in the AH-1 and CH-47 surveys
estimated that 10% to 20% of nonavionics systems failures are found by
troubleshooting versus inspection.

These estimates do not agree well with the ORME service experience which
indicates that more than 1/3 of the corrective maintenance actions involved
some type of troubleshooting. There may be an explanation for this dispar-
ity, however. It is more likely that a greater number of failures involv-
ing multiple parts (worn bearings, corroded fasteners, etc.) will be found
via inspection that via troubleshooting. It is probable, therefore, that
the corrective maintenance reports involving troubleshooting reflect on
average fewer parts repaired or replaced, which could account for the above-
noted discrepancy. Electricians and avionics specialists estimated gener-
ally that over 90% of the parts and components they replace are found by
troubleshooting, and this is consistent with the ORME service experience.

Perception of Symptom Frequency

One of the survey questions asked the CH-54 survey participants to estimate
the frequency at which each of the discussed symptoms occurred. These esti-
mates were usually given in terms of yearly occurrences per aircraft or per
squadron and were later converted to flight-hours on the basis of the aver-
age aircraft utilization at that base. The purpose of the question was to
compare field personnel's perception of problem frequency with actual ser-
vice experience documented in the ORME records. Figure 18 makes this com-
parison.

o Field personnel consistently overestimate the
frequency of occurrence of aircraft symptoms.

This is a predictable outcome. As reference to Figure 15 indicates, the
great majority of symptoms included in the sample occur less frequently
than once per 1,000 flight-hours. Only 11% of the symptoms in the sample
occur as frequently as once per 500 flight-hours. These frequencies are
indicative of the overall population of symptoms as developed from the ORME
data and discussed earlier in the report.
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Figure 15. Symptom Frequency of Occurrence Estimates From Field
Survey Compared With ORME-Generated Statistics

Over recent years the four CH-54 field activities covered by the survey
have averaged aircraft utilization rates of from 125 to 200 flight-hours
per aircraft per year. At this level of utilization, a symptom occurring
an average of once every 1,000 flight hours would not be expected to occur
on a particular aircraft more often than once in five years. Therefore,
the majority of symptoms have probably not been observed by even the most
experienced aircraft crews. And many symptoms probably are not experi-
enced on any aircraft in arn entire unit for a year or more.

To have been able to discuss a symptom, the participants would have to have
experienced the symptom recently enough to recall the circumstances. It

is natural that people recently experiencing a given symptom would tend to
overestimate its frequency of occurrence. It was improbable that frequency
estimates as low or lower than once in 1,000 flight hours would ever be
given, since for the average crew member, this is tantamount to no experi-
ence at all.




Perception of Fault Isolation Time

Another survey question asked the participants to estimate the average time
required to troubleshoot each of the discussed symptoms. The purpose of
the question was to compare field personnel's perception of fault isolation
time with actual service experience documented in the ORME records. Figure
16 makes this comparison.

e Field personnel are able to estimate fault
isolation times that are consistent with
actual service experience.

It is reasonable that field personnel have a better perception of fault
isolation time than they do of symptom frequency. Whereas estimating symp-
tom frequency requires a knowledge of all occurrences of the event over a
long period of time, estimating fault isolation time requires only a small
sample of events on which to base the estimate. Good time estimates can
often be arrived at through judgement alone.

Avg. Fault Percent in Man-Hour Category
é:o]at1on Calculated From Estimated By
n-Hours ORME Data Field Personnel
LT T £ BT r T T ] L L) L] 4
80 60 40 20 20 40 60 80
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Figure 16. Average Fault Isolation Time Estimates From Field Survey
Compared With ORME-Generated Statistics
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At the close of each survey session, the participants were asked to estimate
the average percentage of their working time that was spent on troubleshoot-
ing versus all other types of maintenance. Crew chiefs and flight engineers
on the CH-54 consistently estimated that 10% or less of their time was spent
on troubleshooting. Only one respondent estimated as high as 20%. The elec-
tricians and avionics specialists, on the other hand, estimated almost the
opposite ratio; i.e., 80% to 90% of their time spent on troubleshooting.
These estimates are all consistent with actual service experience as depic-
ted by the ORME data.

For the AH-1 and CH-47, crew chief's estimates of the time spent on nonavi-
onics systems troubleshooting ranged from 5% to 10%, while the estimates of
maintenance supervisors and technical inspectors averaged 25% to 30%. This
difference is not unexpected since supervisory personnel have many trouble-
shooting problems referred to them by their subordinates, while the crew
chiefs (especially the less experienced ones) attempt to troubleshoot only
the simpler problems. This is not the case with the CH-54, where the crew
chiefs and flight engineers do almost all of the nonavionics systems trou-
bleshooting themselves.

\

Knowledge of Symptoms

As was explained in the discussion of field survey methods, one part of

the CH-54 field survey required the participants to 1ist probable causes

of each symptom discussed. The purpose of this was to test field person-
nel's understanding of various symptoms and their causes. When the sur-
vey was completed, the results were compared with actual service experience
as documented in the ORME records.

e Over 50% of the symptom causes suggested by field
personnel were among the top-five causes observed
in the ORME data.

e Over 65% of the responses cited the mose frequently
observed cause as one of the probable causes.

e Fewer than 45% of the symptom causes observed in
service were cited by none of the participants.

Considering the relative infrequency of many of the symptoms discussed,
these results appear to demonstrate a good understanding of symptoms on
the part of field personnel. It is important to note that lack of agree-
ment between symptom causes suggested by the survey participants and those
actually experienced in service does not necessarily indicate that the
responses of the participants were incorrect. The possible causes given
may be valid ones that simply did not occur in the period covered by the
ORME reporting. Moreover, the high-ranking symptom causes observed in the
ORME data encompassed in most cases a relatively small number of events.

A larger data base would likely alter these rankings with the possibility
that more of the symptom causes given by field personnel would have matched
the predominant causes experienced in service.
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After listing in order the probable causes of each symptom, the survey
participants were asked to rank the probable causes on the basis of the
ease with which each could be checked during troubleshooting. An analysis
was made of the responses to determine whether field personnel tend to cor-
relate probable causes with ease of checkout; i.e., to regard as most
likely those causes that are easiest to check. The results seem to sug-
gest that field personnel are inclined to troubleshoot first the items
that are easiest to check, proceeding then to the more difficult ones,
irrespective of the probability of each being the cause of the symptom.
While this may be the most efficient procedure in some cases, it may be
the cause of many fault isolation errors and improper parts replacements,
particularly when swapping of parts is the only method of troubleshooting.

Part II of the CH-54 field survey requested field personnel to list the
symptoms that they would associate with the failure or malfunction of
specific aircraft components. The purpose of this was to test field per-
sonnel's knowledge of failure-to-symptom relationships. Their responses
were compared with symptoms observed in actual service as documented in
the ORME records.

e Approximately 3/4 of the symptoms suggested by
field personnel were among the top-five symptoms
experienced in service.

o Approximately 2/3 of the survey responses cited
the most frequently occurring symptom as one of
the possible symptoms.

e Only 1/3 of the symptoms observed in service were
cited by none of the participants.

Again, these results appear to demonstrate a good understanding of symptoms
on the part of field personnel. For reasons mentioned above, the symptoms
suggested by field personnel may be more in agreement with actual experi-
ence than this sampling of data would indicate. It should be remembered,
however, that because of the high average experience level of CH-54 main-
tenance personnel, their knowledge of symptoms and causes may not be typ-
ical of aircraft maintenance crews throughout the Army.

Perception of Fault Isolation Task Difficulty

The CH-54 survey participants were asked to rate the task of isolating
each symptom as not difficult, difficult, or very difficult. Table 22
shows the response to this question. Approximately 3/4 of the responses
rated the troubleshooting task as not difficult; none of the troubleshoot-
ing tasks were rated as very difficult. Classification of the responses
by fault isolation time category shows a tendency to rate the more time-
consuming tasks as difficult. The fact that none of the troubleshooting
was judged to be very difficult may be attributed to the tendency to view
familiar tasks as routine, despite their complexity.
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TABLE 22. PERCEIVED TROUBLESHOOTING DIFFICULTY VERSUS
ESTIMATED FAULT ISOLATION TIME (PERCENT OF
FAULT ISOLATION TIME CATEGORY)
Perceived Fault
Isolation Difficulty
Estimated
Fauts et Difficult | ., very i
Isolation Difficult Difficult | ¢ ot me*
Time (Hrs.) ymp
<1 100.0 - - 34.8
1-4 69.7 30.3 - 50.1
5-8 37.5 62.5 - 12.1
>8 - 100.0 - 3.0
Percent of
Ratings 74.2 25.8 - 100.0
*in sample

Perception of Fault Isolation Error Rate

The CH-54 survey participants were told the average fault isolation error
rate derived from the ORME data for each symptom and were asked to judge,
based on their own experience, whether the statistical error rate was high,
low, or about average. Table 23 shows the response to this question.




